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DIELECTRIC FILTER

This 1s a Division of application Ser. No. 08/202,073
filed Feb. 25, 1994, now 1ssued as U.S. Pat. No. 5,499,004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dielectric filter installed
on a communication apparatus, such as a portable telephone
and a wireless telephone.

2. Description of the Prior Art

A conventional dielectric filter will be explained herein-
after.

FIG. 27 1s a perspective view showing a conventional
dielectric filter. Reference numerals 1 and 2 represent
respective dielectric resonators comprising: dielectric base
bodies 1a, 2a made of dielectric material, with respective
centrally axially extending through holes 1b, 2b; respective
outer conductors 1c, 2¢ surrounding respective outer sur-
faces of the dielectric base bodies 1a, 2a; respective 1nner
conductors 1d, 2d provided along respective inner surfaces
of the through holes 15, 2b; and respective connecting
conductors 1e and 2¢ connecting the outer conductors 1c, 2¢
and the i1nner conductors 1d, 2d. A reference numeral 5
represents a coupling substrate § comprising conductors 3a,
Sb (as shown in FIG. 28A) and Sc, 5d (as shown in FIG.
28B) formed on a dielectric substrate (alumina substrate or
the like). This connecting substrate 5 realizes input/output
coupling capacitances (one is between conductors Sa and Sc,
the other between conductors b and 5d) and an interstage
coupling capacitance (between Sa and 5b). FIG. 28(A) 1s a
detailed front view showing the coupling substrate 5 of the
conventional dielectric filter, and FIG. 28(B) 1s a detailed
rear view showing the coupling substrate 5§ of the conven-
tional dielectric filter. Reference numerals 6 and 7 represent
central conductors connecting the inner conductors 1d, 2d
and the coupling substrate 5 electrically and mechanically.
Reference numerals 8 and 9 represent input and output
terminals which are connected to the conductors Sc¢, 5d of
the coupling substrate 5 electrically and mechanically by
means of solder or the like.

However, this kind of conventional dielectric filter inher-
ently requires numerous components, such as the coupling
substrate 5, central conductors 6, 7, and mput/output termi-
nals 8, 9. This encounters with the difficulty 1n reducing the
size of a dielectric filter. Furthermore, mass-productivity is
not good due to a large number of parts and time-consuming
production process.

SUMMARY OF THE INVENTION

Accordingly, 1n view of above-described problems
encountered 1n the prior art, an object of the present 1nven-
fion 1s to provide a dielectric filter capable of reducing the
size and the number of parts and having excellent mass
productivity.

In order to accomplish the above object, a first aspect of
the invention provides a dielectric filter comprising: at least
two dielectric resonators each including: a respective dielec-
tric base body including corresponding {first, second, third
and fourth side surfaces and first and second end surfaces,
wherein a respective through hole 1s provided from the first
end surface to the second end surface along a central axis of
the corresponding dielectric base body to define a respective
inner surface thereof; a respective outer conductor located
on and partially covering the first, second, third and fourth
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side surfaces of the corresponding dielectric base body,
wherein the outer conductor provides an uncovered portion
of the first side surface that extends across a width of the
respective first side surface and 1s adjacent to the corre-
sponding first end surface, uncovered portions of the respec-
tive second and third side surfaces that are adjacent to each
other and bounded by the corresponding outer conductor 1n
three directions, and uncovered portion of the respective
fourth side surface that 1s adjacent to the uncovered portion
of the corresponding first side surface and the corresponding
first end surface and 1s separated from the corresponding
third side surface by the respective outer conductor; a
respective mner conductor located on the inner surface of
the corresponding dielectric base body; a respective con-
nection conductor located on the second end surface of the
corresponding dielectric base body, wherein the respective
connection conductor connects the 1nner conductor to the
outer conductor on the corresponding dielectric base body;
a respective interstage coupling electrode located on the
uncovered portion of the corresponding first side surface,
wherein a respective arca of the uncovered portion of the
corresponding first side surface extends in at least three
directions from the respective interstage coupling electrode
and separates the interstage coupling electrode from the
corresponding outer conductor; and a respective nput/
output coupling electrode located on the uncovered portion
of the second and third side surfaces of the corresponding
dielectric base body, wherein respective areas of the uncov-
ered portions of the corresponding second and third side
surfaces extend 1n three directions from the input/output
coupling electrode and separate the respective 1nput/output
coupling electrode from the corresponding outer conductor;
wherein the respective dielectric resonators are connected
with each other in such a manner that the outer conductor of
a first one of the dielectric resonators i1s electrically con-
nected to the outer conductor of a second one of the
dielectric resonators.

In accordance with a second aspect of the invention, the
interstage coupling electrode of the first one of the dielectric
resonators 1s electrically connected to the interstage cou-
pling electrode of the second one of the dielectric resonators
with respect to the first aspect of the invention discussed
above.

In accordance with a third aspect of the invention, a
dielectric filter 1s provided that comprises: at least two
dielectric resonators each including: a respective dielectric
base body including corresponding first, second, third and
fourth side surfaces and first and second end surfaces,
wherein a respective through hole 1s provided from the first
end surface to the second end surface along a central axis of
the corresponding dielectric base body to define a respective
inner surface thereof; a respective outer conductor located
on the first, second, third and fourth side surfaces of the
corresponding dielectric base body, wherein the respective
outer conductor covers the fourth side surface and leaves an
uncovered portion of the first side surface that 1s adjacent to
the first end surface and bounded in three directions by the
corresponding outer conductor, and uncovered portions of
the respective second and third side surfaces that are adja-
cent to each other and bounded by the corresponding outer
conductor 1n three directions; a respective mner conductor
located on the mner surface of the corresponding dielectric
base body; a respective connection conductor located on the
second end surface of the corresponding dielectric base
body, wherein the respective connection conductor connects
the 1nner conductor to the outer conductor on the corre-
sponding dielectric base body; a respective interstage cou-
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pling electrode located on the uncovered portion of the
corresponding first side surface, wherein a respective area of

the uncovered portion of the corresponding first side surface
extends 1n three directions from the respective interstage
coupling electrode and separates the respective interstage
coupling electrode from the corresponding outer conductor;
and a respective 1mput/output coupling electrode located on
the uncovered portion of the second and third side surfaces
of the corresponding dielectric body, wherein a respective
arca of the uncovered portions of the corresponding second
and third side surfaces extend in three directions from the
respective mput/output coupling electrode and separate the
respective 1nput/output coupling electrode from the corre-
sponding outer conductor; wherein the respective dielectric
resonators are connected with each other in such a manner
that the outer conductor of a first one of the dielectric
resonators 1s electrically connected to the outer conductor of
a second one of the dielectric resonators.

In accordance with a fourth aspect of the invention, the
interstage coupling electrode of the first one of the dielectric
resonators 1s electrically connected to the interstage cou-
pling electrode of the second one of the dielectric resonators
with respect to the third aspect of the mmvention discussed
above.

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following detailed description which 1s to be read in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a dielectric filter in
accordance with a first embodiment of the present invention;

FIG. 2 1s an exploded perspective view showing the
dielectric filter 1n accordance with the first embodiment of
the present invention;

FIG. 3 1s a circuit diagram showing an equivalent circuit
of the dielectric filter 1n accordance with the first embodi-
ment of the present invention;

FIG. 4 1s a perspective view showing the dielectric filter
mounted on a substrate 1n accordance with the first embodi-
ment of the present mnvention;

FIG. 5§ 1s a graph showing comparison of damping char-
acteristics between the first embodiment and a prior art filter;

FIG. 6 1s a perspective view showing a process of one
manufacturing method of a dielectric resonator in accor-
dance with the first embodiment of the present invention;

FIG. 7 1s a perspective view showing another process of
the one manufacturing method of the dielectric resonator 1n
accordance with the first embodiment of the present mven-
tion;

FIG. 8 1s a perspective view showing still another process
of the one manufacturing method of the dielectric resonator
in accordance with the first embodiment of the present
mvention;

FIG. 9 1s a perspective view showing still another process
of the one manufacturing method of the dielectric resonator
in accordance with the first embodiment of the present
mvention;

FIG. 10 1s a perspective view showing a modified embodi-
ment of the first embodiment of the present mnvention;

FIG. 11 1s an exploded perspective view showing the
modified embodiment of the first embodiment of the present
mvention;

FIG. 12 1s a perspective view showing a dielectric filter in
accordance with a second embodiment of the present inven-
tion;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 13 1s an exploded perspective view showing the
dielectric filter 1n accordance with the second embodiment

of the present invention;

FIG. 14 1s a perspective view showing the dielectric filter
mounted on a substrate 1n accordance with the second

embodiment of the present invention;

FIG. 15 1s a perspective view showing a modified embodi-
ment of the second embodiment of the present invention;

FIG. 16 1s an exploded perspective view showing the
modified embodiment of the second embodiment of the
present 1nvention;

FIG. 17 1s a perspective view showing a dielectric filter 1n
accordance with a third embodiment of the present mnven-
tion;

FIG. 18 1s an exploded perspective view showing the

dielectric filter 1n accordance with the third embodiment of
the present invention;

FIG. 19 1s a perspective view showing the dielectric filter
mounted on a substrate 1n accordance with the third embodi-
ment of the present invention;

FIG. 20 1s a perspective view showing the dielectric filter
mounted on a substrate 1n accordance with the third embodi-

ment of the present invention;

FIG. 21 1s a graph showing the comparison of damping,
characteristics outside the band with respect to frequencies
between the first embodiment (represented by curve B) and
third embodiment (represented by curve A);

FIG. 22 1s a perspective view showing a dielectric filter 1n
accordance with a fourth embodiment of the present inven-
tion;

FIG. 23 1s an exploded perspective view showing the

dielectric filter 1n accordance with the fourth embodiment of
the present invention;

FIG. 24 15 a perspective view showing a modified dielec-
tric filter of the first embodiment, wherein three dielectric
resonators are included,;

FIG. 25 1s a perspective view showing a modified dielec-
tric filter of the second embodiment, wherein three dielectric
resonators are included;

FIG. 26 1s a perspective view showing a modified dielec-
tric filter of the third embodiment, wherein three dielectric
resonators are 1ncluded;

FIG. 27 1s a perspective view showing a conventional
dielectric filter;

FIG. 28(A) is a front view showing a coupling substrate
of the conventional dielectric filter;

FIG. 28(B) is a rear view showing a coupling substrate of
the conventional dielectric filter;

FIG. 29 1s a perspective view showing a dielectric filter 1n
accordance with a fifth embodiment of the present invention;

FIG. 30 1s an exploded perspective view showing the
dielectric filter 1n accordance with the fifth embodiment of
the present invention;

FIG. 31 15 a graph showing a relationship between an area
S of a cutout portion and an 1nterstage coupling degree K in
accordance with the fifth embodiment of the present inven-
tion;

FIG. 32 1s a perspective view showing a dielectric filter 1n
accordance with a sixth embodiment of the present mnven-
tion;

FIG. 33 1s an exploded perspective view showing the
dielectric filter 1n accordance with the sixth embodiment of
the present invention;
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FIG. 34 1s a perspective view showing a modified dielec-
tric filter of the sixth embodiment, wherein three dielectric
resonators are included,

FIG. 35 1s a rear view showing one dielectric resonator of
the dielectric filter in accordance with the first embodiment 3
of the present invention; and

FIG. 36 1s a cross-sectional view showing the dielectric
resonator, taken along a line X—X of FIG. 35.

DETAILED DESCRIPTION OF THE 10
PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be explained 1n detail with reference to accompa-
nying drawings. 15

First Embodiment

FIGS. 1 and 2 are perspective and exploded views show-
ing a dielectric filter of the first embodiment of the present
mvention. In FIGS. 1 and 2, reference numerals 11 and 12
represent dielectric resonators. Hereinafter, taking the
dielectric resonator 11 of these two dielectric resonators, a
construction of the dielectric resonator will be explained. A
dielectric base body 11a made of dielectric material, such as
BaO—TiO,—Nd,O,, BaO—Ti0,, ZrO,—SnO,—Ti0,, %
BaO—Sm,0,—T10,, 1s formed with a centrally axially
extending through hole 11b. The dielectric base body 1la
has an outer configuration of rectangular parallelepiped
having a square cross section, while the through hole 115 has
a circular cross section.

20

30

An outer conductors 11c 1s provided on the outer side
surface of the dielectric base body 11a so as to surround 1it.
An 1nner conductor 11d 1s provided along the inner side
surface of the through hole 11b. The outer conductor 11¢ and
the mnner conductor 114 are connected with each other via a
connecting conductor 11e. This connecting conductor 1le 1s
provided on a closed end surface, 1.€. a base of the rectan-
cgular parallelepiped, of the dielectric base body 1la as
shown 1n FIGS. 35 and 36. Of four outer side surfaces of the
dielectric base body 114, two side surfaces 117 and 11/ are
partly cut off so that the dielectric base body 11a 1s exposed
near the open end 11j. Namely, a cutout 11% (see FIG. 2) of
the outer conductor 11c¢ bridging both the two side surfaces
11: and 11/ 1s formed near the open end of the dielectric base

body 1la.

Furthermore, an interstage coupling electrode 11f 1s pro-
vided within the region of the cutout 11k on the outer side
surface 11z, so that this interstage coupling electrode 11f
does not contact with other conductors. In the same manner, .,
an 1nput/output coupling electrode 11g 1s provided within
the region of the cutout 11% on the outer side surtace 114, so
that this input/output coupling electrode 11g does not con-
tact with other conductors.

35

40

45

Likewise, the other dielectric resonator 12 comprises: a ss
dielectric base body 12a, a through hole 12b, an outer
conductor 12¢, an mner conductor 12d, a connecting con-
ductor 12¢, an interstage coupling electrode 12f, an input/

output coupling electrode 12g, outer side surfaces 12/ and
12:, an open end 12j, and a cutout 12k (see FIG. 2). 60

The like parts between the dielectric resonators 11 and 12
arc denoted by the same reference alphabet throughout
views. (For example, the dielectric base body 1la is sub-
stantially identical with the dielectric base body 12a)
However, as apparent from FIG. 2, the relationship between 65
the dielectric resonator 11 and the dielectric resonator 12 are
mirror symmetry. Therefore, in production of each dielectric

6

resonator, 1t 1s necessary to pay attention to the positional
relationship between the electrodes 11/, 11g and 12f, 12¢.

More specifically, the dielectric resonator 11 and the
dielectric resonator 12 are connected by means of, for
example, cream solder 1n such a manner that the electrodes
11f and 12f confront and contact with each other and the
clectrodes 11g and 12g are placed on the same plane.

Furthermore, the outer conductors 1lc¢, 12¢, inner con-
ductors 11d, 12d, connecting conductors 11¢, 12¢, electrodes
11f, 12f, and electrodes 11g, 12g (hereinafter, these compo-
nents respectively are referred to as conductor film) are
basically thin film made of conductive material such as
copper and silver. The thickness of the film 1s approximately
5 um. Although the conductor film 1s a single layer 1n this
embodiment, 1t 1s needless to say that two or more layer
structure can be allowed. Regarding the film thickness of
approximately 5 um, this value should be adequately
changed depending on the condition of the dielectric filter in
SEervice.

Although the electrodes 11g, 12¢ and 11/, 12f are rectan-
oular in this first embodiment, the configuration of these
clectrodes 11g, 12g and 11/, 12f can be any other shape, such
as circle, ellipse, and polygon.

FIG. 3 1s a circuit diagram showing an equivalent circuit
of the dielectric filter 1n accordance with the first embodi-
ment of the present invention depicted in FIGS. 1, 2. In FIG.
3, a reference numeral 13 represents an equivalent circuit of
the dielectric resonator 11 and a reference numeral 14
represents an equivalent circuit of the other dielectric reso-
nator 12 depicted in FIGS. 1, 2. C1 represents a capacitance
between the electrode 11¢ and the mnner conductor 11d, and
C3 represents a capacitance between the electrode 12¢ and
the 1nner conductor 12d. C2 represents a composite capaci-
tance of two capacitances—one 1s a capacitance between the
clectrodes 11 and 11d, and the other 1s a capacitance
between the electrodes 121 and 12d. As understood from this
equivalent circuit, the dielectric filter of the present embodi-
ment has substantially the same circuit configuration as the
conventional dielectric filter. Nevertheless, the structure of
this embodiment 1s very simplified and compact when
compared with that of the conventional one. In more detail,
this embodiment no longer requires the central conductor
and the dielectric substrate of the conventional dielectric
filter. This results 1n 50% reduction of overall size.

FIG. 4 15 a perspective view showing the dielectric filter
mounted on a substrate 1 accordance with the first embodi-
ment of the present invention. In FIG. 4, a reference numeral
15 represents a printed circuit board constituted by insulat-
ing material, such as glass . epoxy resin. Reference numerals
16 and 17 represent input/output pathways formed on the
printed circuit board 15. Similarly, a reference numeral 18
represents a grounded pathway formed on the printed circuit
board 15. The electrode 11g of the dielectric resonator 11 1s
connected onto the input/output pathway 16 by a solder 19,
and the electrode 12g of the dielectric resonator 12 1s
connected onto the input/output pathway 17 by a solder 20.
Furthermore, the outer conductors 1llc and 12¢ of the
dielectric resonators 11 and 12 are connected onto the
orounded pathway 18 by solder 21. The input/output path-
ways 16, 17 and the grounded pathway 18 are formed by
coating conductive paste, such as Ag paste, on the printed
circuit board 15 1n a predetermined pattern and then fixing
it by printing.

FIG. 5 1s a graph showing comparison of damping char-
acteristics between the first embodiment and the prior art. In
FIG. 5, a line A represents a characteristic curve of the first
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embodiment and B represents a characteristic curve of the
prior art filter. As apparent from FIG. 5, the characteristic
curve A of the first embodiment has two extreme values Al
and A2 at low and high frequencies. This 1s because, as
shown 1 the equivalent circuit of FIG. 3, the interstage
coupling causes a small amount of electromagnetic coupling
M besides the coupling capacitance (C1, C2, C3). On the
contrary, the characteristic curve B of the prior art does not
generate the similar extreme values.

A manufacturing method of the above-described dielec-
tric filter will be explained hereinafter.

First of all, starting materials (for example, BaO, TiO.,,
Nd,O, or the like) are blended at a predetermined ratio.
Then, the blended material 1s mixed by using a mill or else.
Next, the mixed material 1s granulated by using a spray dryer
or the like, so as to adjust the particle size and add binder.
Subsequently, the granulated material 1s pelletized by a dry
press so as to be formed 1nto a predetermined shape. In turn,
the pelletized material 1s sintered 1n a kiln at the temperature
of 1300° C. to 1400° C. Thus, the dielectric base body 11a
of cylindrical shape shown 1n FIG. 6 1s obtained. Then, the
conductor film 1s formed on the dielectric base body 1la.
There are various method for forming the conductor film,
several of which will be explained below.

A first method 1s applied 1n a case where copper 1s used
as a material constituting the conductor film. The surface of
the dielectric base body 1la i1s roughened by a barrelling
machine or a blast device. Thereafter, the dielectric base
body 11a 1s processed by etching until the roughness of the
surface of the dielectric base body 11a becomes 5 um to 9
um. Etchant to be used 1n this etching will be, for example,
HF—HNO, series. Subsequently, all the surface of the
dielectric base body 11a 1s processed by stannous chloride or
the like to give sensitivity. Then, palladium qualifying as
catalytic metal 1s attached on all the surface of the dielectric
base body 11a. Next, as shown 1n FIG. 7, a resist film 23 1s
formed partially on the dielectric base body 11a. Namely,
this resist film 23 defines a region on which no conductor
film of the dielectric base body 11a 1s provided—a region
becoming the cutout 11% or the open end 11; as depicted in
FIG. 2. In the formation of this resist film 23, resist ink 1s
coated on the dielectric base body 11a by the use of printing
technology or else and then thus printed resist ink 1s dried
until 1t hardens. Next, on thus manufactured dielectric base
body 11a, there 1s formed a thin, first copper film by the
clectroless copper plating method. In this case, the first
copper f1lm 1s selectively formed only within a region where
the resist film 23 1s not provided. Subsequently, a second
copper film 1s laminated on the first copper film by the
clectrolytic copper plating to form the conductor film whose
thickness 1s approximately 5 um. After the resist film 23 1s
removed by solvent or else, the dielectric resonator 11 (or
12) shown in FIGS. 1 and 2 is manufactured. Although the
above manufacturing method coats the resist ink on the
predetermined portion of the dielectric base body 11a using,
the printing technology and then dries and hardens the resist
ink, another manufacturing method will allow the use of a
photosensitive resist as a resist. That 1s, after the catalytic
metal, such as palladium, 1s attached on the dielectric base
body 11a, photosensitive resist 1s coated on all the surface of
the dielectric base body 11a. Then, a predetermined portion
of the photosensitive resist 1s exposed and hardened.
Thereafter, the portion not being hardened by exposure 1is

washed away by developing solution. Then, the resist film
23 shown 1n FIG. 7 will be obtained.

Next, still another manufacturing method of the conductor
film will be explained. First of all, a conductor film 24 is
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formed on all the surface of the dielectric base body 11a of
FIG. 2 as shown 1n FIG. 8. In this case, the conductor film
24 can be formed in the double-layer structure of copper as
previously described. Furthermore, the conductor film 24
will be formed on the entire surface of the dielectric base
body 11a by printing Ag paste on the entire surface of the
dielectric base body 11a, drying this Ag paste, and applying
a thermal treatment at the temperature of 800° C. to 900° C.
In turn, a resist film 25 1s formed on the conductor film 24
in a predetermined pattern as shown 1n FIG. 9. The method
of forming this resist film 25 1s the same as in the previous
method. The resist film 25 1s formed to define the region
where the conductors and electrodes are formed. Thereafter,
the unnecessary portion of the conductor film 24 1s removed
by using the etching technology, such as chemical etching or
dry etching. Thus, the dielectric resonator 11 (or 12) shown
in FIGS. 1 and 2 1s manufactured.

Yet another manufacturing method (not shown) of the
conductor film will be explained. After forming the conduc-
tor film 24 on the entire surface of the dielectric base body
11a as shown 1n FIG. 8, cutting or laser machining 1s applied
on the surface of the dielectric base body 11a to physically
remove the predetermined portion of the surface. Thus, the
dielectric resonator 11 (or 12) shown in FIGS. 1 and 2 is
manufactured.

The dielectric resonators 11 and 12 thus constructed are
disposed 1n such a manner that the electrodes 11f and 12f
confront with each other. Then, the outer conductors 11: and
12 are connected by means of cream solder or the like.
Similarly, the electrodes 11f and 12f are connected by means
of cream solder or the like as depicted 1in FIG. 2.

Next, a modified embodiment of the first embodiment will
be explained.

FIG. 10 1s a perspective view showing the modified
diclectric filter of the first embodiment of the present
mnvention, and FIG. 11 1s an exploded perspective view
showing the modified dielectric filter of the first embodiment
of the present 1nvention.

In FIGS. 10 and 11, reference numerals 26 and 27
represent dielectric resonators whose constructions are
almost 1dentical with those of FIGS. 1 and 2 except the
configuration of the through hole. First of all, the dielectric
resonator 26 will be explained. A reference numeral 26a
represents a dielectric base body made of dielectric material.
The outer configuration of the dielectric base body 264 1s
rectangular parallelepiped having a square cross section.
Furthermore, a centrally axially extending through hole is
formed 1n the dielectric base body 26a. The through hole
consists of a large hole 265 and a small hole 26c¢ (see FIG.
10) extending centrally and axially and communicated with
cach other. The large hole 26b 1s positioned near the open
end and has a square cross section, while the small hole 26¢
has a circular cross section.

Although the dielectric resonator of FIGS. 1 and 2 has the
through hole of constant diameter extending from the open
end to the connecting end—iIrom one base to the other base
of the rectangular parallelepiped—of the dielectric base
body 11a, this modified embodiment 1s different from the
embodiment of FIGS. 1 and 2 and characterized 1n that the
through hole has a stepped portion. With this arrangement,
an 1nner conductor 26d formed 1nside the large hole 26b can
be made large. This means that it becomes possible to
increase not only the input/output coupling capacitance
between the electrode 26¢ and the inner conductor 264 but
also the interstage coupling capacitance between the elec-
trodes 26/ and the inner conductor 26d; therefore, 1t becomes
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possible to manufacture a wide-band dielectric filter. In the
same manner, the other dielectric resonator 27 includes a
dielectric base body 27a with a centrally axially extending
through hole consisting of a large square hole 27b and a
small circular hole 27¢ (see FIG. 10). By providing an inner 5
conductor 27d inside this through hole, the input/output
coupling capacitance between the electrodes 27¢ and 27d
can be increased but the interstage coupling capacitance
between the electrode 27/ and the mner conductor 27d can
be 1ncreased. 10

The remainder of the construction i1s substantially the
same as that of FIGS. 1 and 2.

Second Embodiment

FIGS. 12 and 13 are perspective and exploded views =

showing a dielectric filter of the second embodiment of the
present mvention. In FIGS. 12 and 13, reference numerals
28 and 29 represent dielectric resonators. Heremafter, taking,
the dielectric resonator 28 of these two dielectric resonators,
a construction of the dielectric resonator will be explained.
A dielectric base body 28a made of dielectric material, such
as BaO—T110,—Nd,0;, BaO—T10,, ZrO,—Sn0O,—Ti0,,
BaO—Sm,0,—T10,, 1s formed with a centrally axially
extending through hole 28b. The dielectric base body 28a
has an outer configuration of rectangular parallelepiped
having a square cross section, while the through hole 285
has a circular cross section.

20

25

An outer conductors 28c¢ 1s provided on the outer side
surface of the dielectric base body 28a so as to surround it. 5,
An mner conductor 284 1s provided along the inner side
surface of the through hole 285b. The outer conductor 28¢ and
the 1nner conductor 28d are connected with each other via a
connecting conductor 28¢. This connecting conductor 28¢ 1s
provided on a closed end surface, 1.e. a base of the rectan-
oular parallelepiped, of the dielectric base body 284, 1n the
same manner as the connecting conductor 1le of the first
embodiment explained with reference to FIGS. 35 and 36.
Of four outer side surfaces of the dielectric base body 28a,
one side surface 28/ 1s partly cut off so that the dielectric
base body 28a 1s exposed near the open end 28;. Namely, a
cutout 28% of the outer conductor 28c¢ 1s formed near the
open end 28j of the dielectric base body 28a. Furthermore,
an 1nterstage coupling electrode 28f 1s provided within the
region of the cutout 28% (see FIG. 13), so that this interstage -
coupling electrode 28f does not contact with other conduc-
tors. In the same manner, an input/output coupling electrode
28¢2 1s provided within the region of the cutout 28k, so that
this 1nput/output coupling electrode 28¢ does not contact
with other conductors. 50

The arrangement of the interstage coupling electrode 28f
and the input/output coupling electrode 28g 1s different from
that of the first embodiment. Namely, the interstage coupling
clectrode and the input/output coupling electrode are sepa-
rately provided on different side surfaces of the dielectric ss
resonator 1n the first embodiment. On the contrary, the
second embodiment provides the cutout 28% on only one
outer side surface 28/ and disposes the electrodes 28f and
282 within the region of this cutout 284

The other dielectric resonator 29 comprises: a dielectric 60
base body 294, a through hole 295, an outer conductor 29c,
an 1nner conductor 29d, a connecting conductor 29¢, an
interstage coupling electrode 29/, an input/output coupling
clectrode 29g, an outer side surface 294, an open end 29;,
and a cutout 29% (see FIG. 13). The like parts between the 65
dielectric resonators 28 and 29 are denoted by the same
reference alphabet throughout views. (For example, the
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dielectric base body 28a 1s substantially 1dentical with the
dielectric base body 29a) However, as apparent from FIG.
13, the relationship between the dielectric resonator 28 and
the dielectric resonator 29 are mirror symmetry. Therefore,
in production of each dielectric resonator, 1t 1s necessary to

pay attention to the positional relationship between the
clectrodes 28/, 28¢ and 29/, 29g¢.

More specifically, the dielectric resonator 28 and the
dielectric resonator 29 are connected by means of, for
example, cream solder 1n such a manner that the outer side
surtfaces 28/ and 29/ do not contront with each other and are
placed on the same plane. Furthermore, there 1s provided a
terminal 30 electrically connecting both the electrodes 28f
and 29f. This terminal 30 1s made of conductive material,
such as silver, copper, and aluminum. Conductive bonding
material, such as solder, 1s used to connect the terminal 30
with the electrodes 28/, 29f. Furthermore, the electrode 28¢
1s connected with a terminal 31 and the electrode 29g 1s
connected with a terminal 32 by means of conductive
bonding material, such as solder. The terminals 31 and 32
are made of conductive material, such as copper and alu-
minuim.

Furthermore, the outer conductors 28c¢, 29c¢, inner con-
ductors 28d, 29d, connecting conductors 28e, 29¢, elec-
trodes 28f, 29f, and electrodes 28g, 29g (hereinafter, these
components respectively are referred to as conductor film)
are basically thin film made of conductive material such as
copper and silver. The thickness of the film 1s approximately
5 um. Although the conductor film 1s a single layer 1n this
embodiment, 1t 1s needless to say that two or more layer
structure can be allowed. Regarding the film thickness of
approximately 5 um, this value should be adequately
changed depending on the condition of the dielectric filter in
SEIvice.

Although the electrodes 28¢, 29g and 28f, 29/ are rect-

angular 1in this second embodiment, the configuration of
these electrodes 28g, 29g and 28f, 29/ can be any other
shape, such as circle, ellipse, and polygon.

As apparent from the foregoing description, the dielectric
filter of this embodiment 1s very simplified and compact in
structure. In particular, the present embodiment no longer
requires the central conductor and the dielectric substrate of
the conventional dielectric filter. This results 1n 50% reduc-
tion of overall size.

FIG. 14 1s a perspective view showing the dielectric filter
mounted on a substrate 1n accordance with the second
embodiment of the present invention. In FIG. 14, a reference
numeral 33 represents a printed circuit board constituted by
insulating material, such as glass . epoxy resin. Reference
numerals 34 and 35 represent input/output pathways formed
on the printed circuit board 33. Similarly, a reference
numeral 36 represents a grounded pathway formed on the
printed circuit board 33. The terminal 31 of the dielectric
resonator 28 1s connected onto the iput/output pathway 34
by conductive bonding material, such as solder, and the
terminal 32 of the dielectric resonator 29 1s connected onto
the 1nput/output pathway 35 by conductive bonding
material, such as solder. Furthermore, the outer conductors
28¢ and 29c¢ of the dielectric resonators 28 and 29 are
respectively connected onto the grounded pathway 36 by
conductive bonding material, such as solder. The input/
output pathways 34, 35 and the grounded pathway 36 are
formed by coating conductive paste, such as Ag paste, on the
printed circuit board 33 1n a predetermined pattern and then
fixing 1t by printing. Although this embodiment uses the
terminal 30 to connect the electrodes 28f and 29/ and uses
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the terminals 31 and 32 to connect the input/output pathways
and the dielectric filter, it 1s also possible to provide a
connecting electrode on the printed circuit board 33 instead
of the terminal 30 to connect the electrodes 28f and 29f (see
FIGS. 12, 13). The terminals 31 and 32 are also omitted in

this case.

More specifically, there 1s provided a connecting elec-
trode (not shown) between the input/output pathways 34, 35
made of conductive material. The dielectric resonators 28
and 29 (being not equipped with the terminals 30, 31 and 32)
arc placed on the connecting electrode so that both the
electrodes 28f, 29f (see FIGS. 12, 13) contact with the
connecting electrode, the input/output terminals 28g, 29¢
contact with the input/output pathways 34, 35, and the outer
conductors 28c, 29¢ contact with the grounded conductor
36. Thereafter, the dielectric resonators 28 and 29 are tightly
fixed on the printed circuit board by means of conductive
bonding material, such as cream solder. In other words, 1f the
terminal 30 1s omitted, no gap 1s generated between the
electrodes 28¢, 29¢ (see FIGS. 12, 13) and the printed circuit
board 33. Therefore, the terminals 31 and 32 are no longer
necessary.

The prospective manufacturing methods of the above-
described dielectric filter are substantially the same as those
of the previously described first embodiment and, therefore,
will be no more explaimed.

Next, a modified embodiment of the second embodiment
will be explained.

FIG. 15 1s a perspective view showing the modified
dielectric filter of the second embodiment of the present
invention, and FIG. 16 1s an exploded perspective view
showing the modified dielectric filter of the second embodi-
ment of the present invention.

The modified embodiment of FIGS. 15 and 16 1s different
from the dielectric filter of FIGS. 12 and 13 1n the configu-
ration of a through hole. The dielectric filter of FIGS. 12, 13
has the through hole of constant diameter extending from the
open end to the opposite end. On the other hand, this
modified dielectric filter 1s different from the embodiment of
FIGS. 12, 13 and characterized 1n that the through hole has
a stepped portion. That 1s, the dielectric filter 28 has a
dielectric base body 28a formed with a centrally axially
extending through hole. The through hole consists of a large
hole 28m and a small hole 287 (see FIG. 15) extending
centrally and axially and communicated with each other. The
large hole 28m 1s positioned near the open end and has a
square cross section, while the small hole 287 has a circular
cross section. An inner conductor 28¢g 1s provided on the
inside surface of this through hole. Likewise, the other
dielectric filter 29 has a dielectric base body 294 and a
centrally axially extending through hole consisting of a large
hole 29m and a small hole 291 (see FIG. 15) extending
centrally and axially and communicated with each other. The
large hole 29m 1s positioned near the open end and has a
square cross section, while the small hole 297 has a circular
cross section. An 1nner conductor 29¢g 1s provided on the
inside surface of this through hole. Providing the stepped
portion 1n the through hole and forming the square holes
28m, 29m near the open end so as to have a larger cross
section than the corresponding holes 29x, 29m 1s advanta-
geous 1n 1ncreasing not only the input/output coupling
capacitance between the electrode 28g and the 1nner con-
ductor 28g and between the electrode 29¢ and the inner

conductor 29¢g but also the interstage coupling capacitance
between the electrode 28f (see FIG. 16) and the inner

conductor 28¢ and between the electrode 29f (see FIG. 16)
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and the inner conductor 29¢g. Thus, it becomes possible to
manufacture a wide-band dielectric filter. The remainder of

the construction 1s substantially the same as that of FIGS. 12
and 13.

Third Embodiment

FIGS. 17 and 18 are perspective and exploded views
showing a dielectric filter of the third embodiment of the
present mvention. In FIGS. 17 and 18, reference numerals
37 and 38 represent dielectric resonators. Hereinafter, taking
the dielectric resonator 37 of these two dielectric resonators,
a construction of the dielectric resonator will be explained.
A dielectric base body 374 made of dielectric material, such
as BaO—T110,—Nd,0;, BaO—Ti0,, ZrO,—Sn0,—Ti0,,
BaO—Sm,0,—T10,, 1s formed with a centrally axially
extending through hole 37b.

The dielectric base body 374 has an outer configuration of
rectangular parallelepiped having a square cross section,
while the through hole 37b has a circular cross section. An
outer conductors 37c¢ 1s provided on the outer side surface of
the dielectric base body 37a so as to surround 1t. An 1nner
conductor 37d 1s provided along the mner side surface of the
through hole 37b. The outer conductor 37c¢ and the inner
conductor 37d are connected with each other via a connect-
ing conductor 37¢. This connecting conductor 37¢ 1s pro-
vided on a closed end surface, 1.€. a base of the rectangular
parallelopiped, of the dielectric base body 37a as explained
in the first embodiment with reference to FIGS. 35 and 36.
Of four outer side surfaces of the dielectric base body 37a,
two side surfaces 37: and 37/ are partly cut off so that the
dielectric base body 37a 1s bared near the open end 37;.
Namely, cutouts 37p (see FIG. 18) and 37k of the outer
conductor 37¢ are formed on the two side surfaces 37i and

37h, respectively, near the open end 377 of the dielectric base
body 37a.

Furthermore, an interstage coupling electrode 37f 1s pro-
vided within the region of the cutout 37k on the outer side
surface 37h, so that this interstage coupling electrode 37f
does not contact with other conductors. In the same manner,
an input/output coupling electrode 37g (not shown) 1s pro-
vided within the region of the cutout 37p on the outer side
surface 371, so that this input/output coupling electrode does
not contact with other conductors. The cutout 37p extends
beyond the corner and along an adjacent outer side
surface—a surface to be confronted with the printed circuit
board. It will be preferable to connect an L-shaped terminal
39 (see FIG. 17) with the input/output coupling electrode.
Namely, depending on the condition of the printed circuit
board on which the dielectric filter 1s mounted, the terminal
39 and others are connected with the mput/output coupling
clectrode. Then, the terminal 39 1s firmly connected with a
conductive film (e.g. input/output pathway) on the printed
circuit board by means of solder or the like. Instead of
providing the terminal 39, it will be also possible to directly
connect the 1nput/output coupling electrode with the con-
ductive film on the printed circuit board by means of solder
or the like. For the latter case, the cutout 37p extending
within the region of the surface to be confronted with the
printed circuit board serves to prevent the solder electrically
connecting the conductive film and the 1nput/output cou-

pling electrode from contacting with the outer conductor
d7c.

Likewise, the other dielectric resonator 38 comprises: a
dielectric base body 38a, a through hole 38b, an outer
conductor 38c¢, an inner conductor 38d, a connecting con-
ductor 38¢, an interstage coupling electrode 38f, an input/
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output coupling electrode 38g (which is similar to the
input/output coupling electrode 37¢ of the dielectric reso-
nator 37), outer side surfaces 38/ and 38i, an open end 38;,
and cutouts 38k, 38p. The like parts between the dielectric
resonators 37 and 38 are denoted by the same reference
alphabet throughout views. (For example, the dielectric base
body 37a 1s substantially identical with the dielectric base

body 38a)

However, as apparent from FIG. 18, the relationship
between the dielectric resonator 37 and the dielectric reso-
nator 38 are mirror symmetry. Therefore, 1n production of
cach dielectric resonator, 1t 1s necessary to pay attention to

the positional relationship between the electrodes 37/, 37¢
and 38/, 38¢.

Furthermore, the electrode 38¢ may be connected with a
terminal 39 (see FIG. 17) depending on the condition of the
printed circuit board on which the dielectric resonator 38 1s
mounted, 1n the same manner as the dielectric resonator 37.

More specifically, the dielectric resonator 37 and the
dielectric resonator 38 are connected by means of, for
example, cream solder 1n such a manner that the electrodes
37/ and 38f confront and contact with each other and the
clectrodes 37g and 38¢ are placed 1n parallel and remotely
opposed relationship so as to face both sides of the resona-
tors. This 1s because these dielectric resonators are disposed
in mirror symmetry relationship as described before.

Furthermore, the outer conductors 37¢, 38c, mner con-
ductors 37d, 38d, connecting conductors 37e, 38¢, elec-
trodes 37f, 38/, and electrodes 37g, 38g (heremafter, these
components respectively are referred to as conductor film)
are basically thin film made of conductive material such as
copper and silver. The thickness of the film 1s approximately
5 um. Although the conductor film 1s a single layer in this
embodiment, 1t 1s needless to say that two or more layer
structure can be allowed. Regarding the film thickness of
approximately 5 um, this value should be adequately
changed depending on the condition of the dielectric filter in
SErvice.

Although the electrodes 37g, 38¢ and 37/, 38/ are rect-
angular 1n this third embodiment, the configuration of these
clectrodes 37g, 382 and 37/, 38/ can be any other shape, such
as circle, ellipse, and polygon.

As apparent from the foregoing description, the dielectric
filter of this embodiment 1s very simplified and compact 1n
structure. In particular, the present embodiment no longer
requires the central conductor and the dielectric substrate of
the conventional dielectric filter. This results 1n 50% reduc-
tion of overall size.

FIGS. 19 and 20 are perspective views showing the
dielectric filter mounted on a substrate in accordance with
the third embodiment of the present invention. In FIG. 19,
a reference numeral 40 represents a printed circuit board
constituted by insulating material, such as glass . epoxy
resin. Reference numerals 41 and 42 represent input/output
pathways formed on the printed circuit board 40. Similarly,
reference numerals 43, 44 represent grounded pathways
formed on the printed circuit board 40 so as to sandwich the
input/output pathways 41, 42, respectively. The terminal 39,
connected to the input/output coupling electrode 37g (not
shown) of the dielectric resonator 37, is connected onto the
input/output pathway 41 by conductive bonding material,
such as solder. And the terminal 39, connected to the
clectrode 38g of the dielectric resonator 38 1s connected onto
the input/output pathway 42 by conductive bonding
material, such as solder. Furthermore, the outer conductors
37c and 38c of the dielectric resonators 37 and 38 arc
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connected onto the grounded pathways 43, 44, respectively,
by conductive bonding material, such as solder. The 1nput/
output pathways 41, 42 and the grounded pathways 43, 44
are formed by coating conductive paste, such as Ag paste, on
the printed circuit board 40 1n a predetermined pattern and
then fixing it by printing.

Furthermore, as shown 1n FIG. 20, the terminal 39 can be
omitted. Namely, 1n mounting the dielectric filter onto the
printed circuit board 40, the input/output coupling electrode
37¢g of the dielectric resonator 37 and the electrode 38g of
the dielectric resonator 38 can be directly connected with the
input/output pathways 41 and 42 by means of a conductive
bonding material 45, such as solder. In this case, the con-
ductive bonding material 45 should be spaced from the outer
conductor 38g (as the outer conductor 37g of the dielectric
resonator 37 is spaced from the conductive material).

The prospective manufacturing methods of the above-
described dielectric filter are substantially the same as those
of the previously described first embodiment and, therefore,
will be no more explained.

FIG. 21 shows a graph showing the comparison of damp-
ing characteristics outside the band with respect to frequen-
cies between the first and third embodiments. In FIG. 21, a
curve A represents the damping characteristics of the third
embodiment and a curve B represents the damping charac-
teristics of the first embodiment. As understood from FIG.

21, the third embodiment can improve the damping amount
outside the band.

In the same manner as the first and second embodiments,
the third embodiment can form the through holes provided
in the dielectric base bodies 37a, 38a to have a stepped
portion as shown in FIG. 15. With this arrangement, the
input/output coupling capacitance can be increased and also
the mterstage coupling capacitance can be enlarged. Thus, 1t
becomes possible to obtain a wide-band dielectric filter.

The remainder of the construction i1s substantially the
same as that of FIGS. 17 and 18.

Fourth Embodiment

FIGS. 22 and 23 are perspective and exploded views
showing a dielectric filter of the fourth embodiment of the
present invention. In FIGS. 22 and 23, reference numerals
46 and 47 represent dielectric resonators. Hereinafter, taking
the dielectric resonator 46 of these two dielectric resonators,
a construction of the dielectric resonator will be explained.
A dielectric base body 46a made of dielectric material, such
as BaO—110,—Nd,0;, BaO—T10,, ZrO,—Sn0,—T10,,
BaO—Sm,0,—Ti0,, 1s formed with a centrally axially
extending through hole 46b. The dielectric base body 46a
has an outer configuration of rectangular parallelepiped
having a square cross section, while the through hole 46b
has a circular cross section. An outer conductors 46c¢ 1is
provided on the outer side surface of the dielectric base body
464 so as to surround 1t. An 1nner conductor 46d 1s provided
along the i1nner side surface of the through hole 46b. The
outer conductor 46c¢ and the inner conductor 46d are con-
nected with each other via a connecting conductor 46¢. This
connecting conductor 46¢ 1s provided on a closed end
surface, 1.. a base of the rectangular parallelepiped, of the
dielectric base body 46a as explained in the first embodi-
ment with reference to FIGS. 35 and 36. Of four outer side
surfaces of the dielectric base body 46a, two side surfaces
46: and 46/ (see FIG. 22) are partly cut off so that the
dielectric base body 46a 1s exposed near the open end 46;.
Namely, cutouts 46p and 46k (see FIG. 23) of the outer

conductor 46¢ are formed on the two side surfaces 46 and
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46/, respectively, near the open end 465 (see FIG. 23) of the
dielectric base body 46a.

Furthermore, an interstage coupling electrode 46f 1s pro-
vided within the region of the cutout 46k on the outer side
surface 46/, so that this interstage coupling electrode 46/ 5
does not contact with other conductors as depicted 1n FIG.
23. In the same manner, an 1nput/output coupling electrode
(not shown) is provided within the region of the cutout 46p
on the outer side surface 46i, so that this input/output

coupling electrode does not contact with other conductors. .,
The cutout 46p extends beyond the corner and along an
adjacent outer side surface—a surface to be confronted with
the printed circuit board. It will be preferable to connect an
L-shaped terminal (not shown) with the input/output cou-
pling clectrode. Namely, depending on the condition of the .
printed circuit board on which the dielectric filter 1s
mounted, the terminal and others are connected with the
input/output coupling electrode. Then, the terminal 1s firmly
connected with a conductive film (e.g. input/output
pathway) on the printed circuit board by means of solder or
the like. Instead of providing the terminal, 1t will be also
possible to directly connect the iput/output coupling elec-
trode with the conductive film on the printed circuit board by
means of solder or the like. For the latter case, the cutout 46p
extending within the region of the surface to be contronted .
with the printed circuit board serves to prevent the solder
clectrically connecting the conductive film and the mput/
output coupling electrode from contacting with the outer
conductor 46c.

Likewise, the other dielectric resonator 47 comprises: a 3
dielectric base body 47a, a through hole 47b, an outer
conductor 47c¢, an inner conductor 47d, a connecting con-
ductor 47¢, an interstage coupling electrode 47f (which is
similar to the interstage coupling electrode 46 of the dielec-
tric resonator 46), an input/output coupling electrode 47g ;s
(which 1s similar to the mput/output coupling electrode 47f
of the dielectric resonator 46 as depicted in FIG. 23), outer
side surfaces 474 and 47:, an open end 47;, and cutouts 47k
(not shown 1n FIGS. 22 and 23), 47p. The like parts between
the dielectric resonators 46 and 47 are denoted by the same 4
reference alphabet throughout views. (For example, the
dielectric base body 46a 1s substantially identical with the
dielectric base body 47a) Furthermore, the electrode 47¢
may be connected with a terminal depending on the condi-
fion of the printed circuit board on which the dielectric 45
resonator 47 1s mounted, 1n the same manner as the dielectric
resonator 46.

More specifically, the dielectric resonator 46 and the
dielectric resonator 47 are connected by means of, for
example, cream solder 1n such a manner that the electrodes sg
461 and 47/ confront and contact with each other and the
input/output coupling electrodes 47g are placed in parallel
and remotely opposed relationship so as to face both sides of
the resonators. Furthermore, the dielectric resonators 46 and
477 are placed 1n opposed relationship so that respective open 55
ends thereof face opposite directions.

Furthermore, the outer conductors 46¢, 47¢, imnner con-
ductors 46d, 47d, connecting conductors 46¢, 47¢, electrode
46/ as well as the interstage coupling electrode of the
dielectric resonator 47, and electrode 47g as well as the 60
input/output coupling electrode of the dielectric resonator 46
(hereinafter, these components are referred to as conductor
film) are basically thin film made of conductive material
such as copper and silver. The thickness of the film 1is
approximately 5 um. Although the conductor film 1s a single 65
layer 1n this embodiment, 1t 1s needless to say that two or
more layer structure can be allowed. Regarding the film
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thickness of approximately 5 um, this value should be
adequately changed depending on the condition of the
dielectric filter 1n service.

Although the electrode 47g (as well as the input/output
coupling electrode of the dielectric resonator 46) and the
electrode 46f (as well as the interstage coupling electrode of
the dielectric resonator 47) are rectangular in this
embodiment, the configuration of these electrodes can be
any other shape, such as circle, ellipse, and polygon.

As apparent from the foregoing description, the dielectric
filter of this embodiment 1s very simplified and compact in
structure. In particular, the present embodiment no longer
requires the central conductor and the dielectric substrate of
the conventional dielectric filter. This results in 50% reduc-
tion of overall size.

In the same manner as the first and second embodiments,
this embodiment can form the through hole to have a stepped
portion as shown i1n FIG. 15. With this arrangement, the
input/output coupling capacitance can be increased and also
the mterstage coupling capacitance can be enlarged. Thus, 1t
becomes possible to obtain a wide-band dielectric filter.

The remainder of the construction i1s substantially the
same as that of FIGS. 17 and 18.

Variations of First to Fourth Embodiments

Although the above first to fourth embodiments are
explained based on a dielectric filter consisting of two
dielectric resonators, the same effect will be obtained even
if more than two dielectric resonators are assembled as

shown 1 FIGS. 24, 25 and 26.

FIG. 24 1s a perspective view showing a modified dielec-
tric filter of the first embodiment, wherein three dielectric
resonators are assembled. In FIG. 24, reference numerals 11
and 12 represent dielectric resonators having the same
construction as the above-described first embodiment. A
reference numeral 48 represents a dielectric resonator inter-
posed between the dielectric resonators 11 and 12. The
dielectric resonator 48 has interstage coupling electrodes
48a, 48b on the opposite outer side surfaces and has no
input/output coupling electrode. The electrode 48a 1s con-
nected with the interstage coupling electrode 11f of the
dielectric resonator 11, and the electrode 485 1s connected
with the interstage coupling electrode 12f of the dielectric
resonator 12. In this manner, when the dielectric filter
includes not less than three resonators, the dielectric reso-
nators equipped with both interstage and 1nput/output cou-
pling electrodes (hereinafter referred to as end resonators)
arc placed at both ends. Then, one or more dielectric
resonators equipped with only interstage coupling electrodes
(hereinafter referred to as interstage resonators) are inter-
posed 1n series between the two end resonators, so that
mutually confronting interstage coupling electrodes are con-
nected one another. With this arrangement, the dielectric
filter of the first embodiment can include not less than three
dielectric resonators.

FIG. 25 1s a perspective view showing a modified dielec-
tric filter of the second embodiment, wherein three dielectric
resonators are assembled. In FIG. 25, reference numerals 28
and 29 represent dielectric resonators having the same
construction as the above-described second embodiment. A
reference numeral 49 represents a dielectric resonator inter-
posed between the dielectric resonators 28 and 29. The
dielectric resonator 49 has interstage coupling electrodes
49a, 49b on the same outer side surface and has no mput/
output coupling electrode. The electrode 49a 1s connected
with the interstage coupling electrode 28f of the dielectric
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resonator 28 through a terminal 50, and the electrode 49b 1s
connected with the interstage coupling electrode 29/ of the
dielectric resonator 29 through another terminal 50. In this
manner, when the dielectric filter includes not less than three
resonators, the dielectric resonators equipped with both
interstage and input/output coupling electrodes (hereinafter
referred to as end resonators) are placed at both ends. Then,
one or more dielectric resonators equipped with only inter-
stage coupling electrodes (hereinafter referred to as inter-
stage resonators) are interposed in series between the two
end resonators, so that mutually confronting interstage cou-
pling electrodes are connected one another. With this
arrangement, the dielectric filter of the second embodiment
can 1nclude not less than three dielectric resonators.

FIG. 26 1s a perspective view showing a modified dielec-
tric filter of the third embodiment, wherein three dielectric
resonators are assembled. In FIG. 26, reference numerals 37
and 38 represent dielectric resonators having the same
construction as the above-described third embodiment. A
reference numeral 51 represents a dielectric resonator inter-
posed between the dielectric resonators 37 and 38. The
dielectric resonator 51 has interstage coupling electrodes
S51a, 51b on the opposite outer side surfaces and has no
input/output coupling electrode. The electrode 51a 1s con-
nected with the interstage coupling electrode 37f of the
dielectric resonator 37, and the electrode S1b 1s connected
with the interstage coupling electrode 38f of the dielectric
resonator 38. In this manner, when the dielectric filter
includes not less than three resonators, the dielectric reso-
nators equipped with both interstage and input/output cou-
pling electrodes (hereinafter referred to as end resonators)
are placed at both ends. Then, one or more dielectric
resonators equipped with only interstage coupling electrodes
(hereinafter referred to as interstage resonators) are inter-
posed 1n series between the two end resonators, so that
mutually confronting interstage coupling electrodes are con-
nected one another. With this arrangement, the dielectric
filter of the third embodiment can include not less than three
dielectric resonators.

In the same manner, the dielectric filter of the fourth
embodiment can include not less than four resonators by
interposing one or more interstage resonators between two
end resonators.

Fifth Embodiment

FIGS. 29 and 30 are perspective and exploded views
showing a dielectric filter of the fifth embodiment of the
present mvention. In FIGS. 29 and 30, reference numerals
111 and 112 represent dielectric resonators. Hereinafter,
taking the dielectric resonator 111 of these two dielectric
resonators, a construction of the dielectric resonator will be
explained. A dielectric base body 111a made of dielectric
material, such as BaO—Ti10,—Nd,0O;, BaO—Ti10,,
ZrO,—Sn0,—T10,, BaO—Sm,0,—T10,, Ln,O0;—
BaO—T10, series, 1s formed with a centrally axially extend-
ing through hole 111b.

The dielectric base body 1114 has an outer configuration
of rectangular parallelepiped having a square cross section,
while the through hole 1115 has a circular cross section. An
outer conductors 111c¢ 1s provided on the outer side surface
of the dielectric base body 111a so as to surround it. An inner
conductor 111d 1s provided along the inner side surface of
the through hole 111b. The outer conductor 111c¢ and the
inner conductor 111d are connected with each other via a
connecting conductor 111e. This connecting conductor 111e
1s provided on a closed end surface, 1.e. a base of the
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rectangular parallelepiped, of the dielectric base body 111a
as explained 1n the first embodiment with reference to FIGS.
35 and 36. Of four outer side surfaces of the dielectric base
body 111a, one side surface 1117 (see FIG. 29) is partly cut
off so that the dielectric base body 111a 1s bared near the
open end 111j. Namely, a cutout 1114 (see FIG. 29) of the
outer conductor 111c¢ 1s formed near the open end of the
dielectric base body 111a.

Furthermore, an interstage electrode 111§ 1s provided on
an outer side surface 111/ (see FIG. 30), which 1s adjacent
and perpendicular to the outer side surface 111:, near the
open end 111j. The electrode 111f 1s provided within the
region of a cutout 1110 (see FIG. 30) formed on the outer

side surface 111/ (see FIG. 30), so that the electrode 111f
does not contact with the outer conductor 111c.

Moreover as depicted in FIG. 30, there 1s provided
input/output electrodes 111g and 111/ along outer side
surfaces 111, 1117 near the open end 111;. These electrodes
111g and 111/ are provided within the region of a cutout
111p formed on the outer side surfaces 111m, 111x.

Likewise, the other dielectric resonator 112 comprises
substantially the same components: namely, a dielectric base
body 112a, a through hole 1125, an outer conductor 112¢, an
inner conductor 112d, a connecting conductor 112¢, an
interstage coupling electrode 112f, mput/output coupling
electrodes 112g, 1124, outer side surfaces 112: (see FIG. 29),
112/, 112m and 112# (see FIG. 30), an open end 112§, and
cutouts 112k (see FIG. 29), 1120 and 112p. The like parts
between the dielectric resonators 111 and 112 are denoted by
the same reference alphabet throughout views. (For
example, the dielectric base body 11la 1s substantially
identical with the dielectric base body 112a) However, as
apparent from FIG. 30, the relationship between the dielec-
tric resonator 111 and the dielectric resonator 112 are mirror
symmetry. Therefore, in production of each dielectric

resonator, 1t 1s necessary to pay attention to the positional
relationship between the electrodes 111/, 111g, 111/ and
112/, 112¢g, 1124.

More specifically, the dielectric resonator 111 and the
dielectric resonator 112 are connected by means of, for
example, cream solder 1n such a manner that the electrodes
111/ and 112f confront and contact with each other and the
clectrodes 111g and 112¢ are placed 1n opposed and parallel
relationship and the electrodes 111/ and 112/ are placed on
the same plane.

This 1s because the dielectric resonators 111 and 112 are
disposed 1n mirror symmetry relationship as explained pre-
viously.

Furthermore, the outer conductors 111c¢, 112¢, inner con-
ductors 1114, 112d, connecting conductors 111e, 112¢, elec-
trodes 111f, 112f, 111g, 112¢, 1114, 1124 (hereinafter, these
components respectively are referred to as conductor film)
are basically thin film made of conductive material such as
copper and silver. The thickness of the film 1s approximately
5 um. Although the conductor film 1s a single layer 1n this
embodiment, 1t 1s needless to say that two or more layer
structure can be allowed. Regarding the film thickness of
approximately 5 um, this value should be adequately
changed depending on the condition of the dielectric filter in
SEIvice.

FIG. 31 1s a graph showing a relationship between an area
S of the cutouts 1114 and 1124k—an area defined by Z1xZ2

in FIG. 29—and an interstage coupling degree K in accor-
dance with the fifth embodiment of the present invention.

As understood from FIG. 31, the interstage coupling
degree K increases with increasing area S of the cutouts 111%
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and 112%. Furthermore, the interstage coupling degree K can
be enlarged when compared with the conventional one (as
illustrated by the “Prior Art” point located between the
values two and three on the vertical axis). Thus, it becomes
possible to provide a wide-band dielectric filter.

A manufacturing method of the above-described dielec-
tric filter will be explained hereinafter.

First of all, starting materials (for example, BaO, TiO.,,
Nd,O, or the like) are blended at a predetermined ratio.
Then, the blended material 1s mixed by using a mill or else.
Next, the mixed material 1s granulated by using a spray dryer
or the like, so as to adjust the particle size and add binder.
Subsequently, the granulated material 1s pelletized by a dry
press so as to be formed 1nto a predetermined shape. In turn,
the pelletized material 1s sintered 1n a kiln at the temperature
of 1300° C. to 1400° C. Thus, the dielectric base body 111a
of cylindrical shape 1s obtained. Then, the conductor film 1s
formed on the dielectric base body 111a. There are various
method for forming the conductor film, several of which will
be explained below.

A first method 1s applied 1n a case where copper 1s used
as a material constituting the conductor film. The surface of
the dielectric base body 111a 1s roughened by a barrelling
machine or a blast device. Thereafter, the dielectric base
body 1114 1s processed by etching until the roughness of the
surface of the dielectric base body 111a becomes 5 um to 9
um. Etchant to be used 1n this etching will be, for example,
HF—HNO, series. Subsequently, all the surface of the
dielectric base body 111a 1s processed by stannous chloride
or the like to give sensitivity. Then, palladium qualifying as
catalytic metal 1s attached on all the surface of the dielectric
base body 111a. And, a resist film 1s partially formed on the
dielectric base body 111a.

Namely, this resist film 23 defines a region on which no
conductor film of the dielectric base body 111la 1s
provided—a region becoming the cutout 111k, 1110 and
111p. In the formation of this resist film, resist ink 1s coated
on the dielectric base body 11la by the use of printing
technology or transfer technology or else and then thus
printed resist ink 1s dried until 1t hardens. Next, on thus
manufactured dielectric base body 111a, there 1s formed a
thin, first copper film by the electroless copper plating
method. In this case, the first copper film 1s selectively
formed only within a region where the resist film 1s not
provided.

Subsequently, a second copper film 1s laminated on the
first copper film by the electrolytic copper plating to form
the conductor film whose thickness 1s approximately 5 um.
After the resist film 1s removed by solvent or else, the
clectrodes are formed. Although the above manufacturing
method coats the resist ink on the predetermined portion of
the dielectric base body 111a using the printing technology
and then dries and hardens the resist ink, another manufac-
turing method will allow the use of a photosensitive resist as
a resist. That 1s, after the catalytic metal, such as palladium,
1s attached on the dielectric base body 111a, photosensitive
resist 1s coated on all the surface of the dielectric base body
111a. Then, a predetermined portion of the photosensitive
resist 1s exposed and hardened. Thereafter, the portion not
being hardened by exposure 1s washed away by developing
solution. Then, the electrodes will be obtained.

Another manufacturing method will form the conductor
f1lm on the dielectric base body 111a by coating Ag paste on
the entire surface of the dielectric base body 111a by printing
or the like method, drying this Ag paste, and applying a
thermal treatment at the temperature of 800° C. to 900° C.
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Thereafter, the unnecessary portion of the conductor film
may be removed by using the etching technology, such as
chemical etching or dry etching. Thus, the electrodes are
provided at the predetermined places.

Still another manufacturing method will form the
clectrodes, after forming the conductor film on the entire
surface of the dielectric base body 1114, by cutting or laser
machining the surface of the dielectric base body 11la to
physically remove the predetermined portion of the surface.

The dielectric resonators 111 and 112 thus constructed are
disposed 1n such a manner that the electrodes 111f and 112f
confront with each other. Then, the outer conductors 11lc
and 112c¢ are connected by means of cream solder or the like.
Similarly, the electrodes 111f and 112f are connected by
means of cream solder or the like.

Although this embodiment 1s explained based on the
cutouts 111% and 112% shown 1n FIG. 29, the cutouts 114 and
112k can be made variously as long as they reach the open
end 29m. Furthermore, it will be allowed to provide the
cutout on either of these dielectric resonators 111 and 112.

Sixth Embodiment

FIGS. 32 and 33 are perspective and exploded views
showing a dielectric filter of the sixth embodiment of the
present invention. In FIGS. 32 and 33, reference numerals
301 and 302 represent dielectric resonators. Hereinafter,
taking the dielectric resonator 301 of these two dielectric
resonators, a construction of the dielectric resonator will be
explained. A dielectric base body 301a made of dielectric
material, such as BaO—T10,—Nd,0,, BaO—Ti10,,
ZrO,—Sn0,—T10,, BaO,—Sm,0,—Ti10,, 1s formed with
a centrally axially extending through hole 301b. The dielec-
tric base body 3014 has an outer configuration of rectangular
parallelopiped having a square cross section, while the
through hole 3015 has a circular cross section. An outer
conductors 301c 1s provided on the outer side surface of the
dielectric base body 301a so as to surround it. An inner
conductor 301d 1s provided along the inner side surface of
the through hole 301b. The outer conductor 301c¢ and the
inner conductor 301d are connected with each other via a
connecting conductor 301e. This connecting conductor 301¢
1s provided on a closed end surface, 1.e. a base of the
rectangular parallelepiped, of the dielectric base body 301a
as explained 1n the first embodiment with reference to FIGS.
35 and 36. Of four outer side surfaces of the dielectric base
body 3014, outer side surfaces 301z, 301/ and 301/ (see FIG.
33) are partly cut off so that the diclectric base body 301a i1s
exposed near the open end 301;. Namely, as depicted 1n FIG.
33 three cutouts 301p, 301k and 301m of the outer conductor
301c¢ are formed near the open end of the dielectric base
body 301a. Furthermore, an interstage electrode 301f 1s
provided within the cutout 3014 formed on the outer side
surface 301/, so that the electrode 301/ does not contact with
other conductors. Likewise, mnput/output coupling electrode
301g (not shown), 301~ are provided within the respective
cutouts 301p, 301m formed on the corresponding outer side
surfaces 301z, 301/, so that the electrodes 301¢g, 3017 do not
contact with other conductors. In mounting the dielectric
filter on a printed circuit board, the input/output coupling
clectrodes 301 and 301x are directly connected with the

conductive film (e.g. input/output pathways) by means of
solder or the like.

The other dielectric resonator 302 (see FIGS. 32, 33)

comprises substantially the same components: namely, a
dielectric base body 302a, a through hole 302b, an outer
conductor 302¢, an inner conductor 302d, a connecting
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conductor 302¢, an 1nterstage coupling electrode 302f, mput/
output coupling electrodes 302g (which is similar to the
input/output coupling electrode of the dielectric resonator

301), 302x (see FIG. 33), outer side surfaces 302i, 302/ (sce
FIG. 33), 302/, an open end 302/, and cutouts 302p, 302m
(see FIG. 33) and 302%. The like parts between the dielectric

resonators 301 and 302 are denoted by the same reference
alphabet throughout views. (For example, the dielectric base
body 3014 1s substantially identical with the dielectric base
body 302a) However, as apparent from FIG. 33, the rela-
tionship between the dielectric resonator 301 and the dielec-
tric resonator 302 are mirror symmetry. Therefore, 1n pro-
duction of each dielectric resonator, 1t 1s necessary to pay
attention to the positional relationship between the elec-

trodes 3017, 301g, 301#n and 302/, 3022, 302x.

More specifically, the dielectric resonator 301 and the
dielectric resonator 302 are connected by means of, for
example, cream solder 1n such a manner that the electrodes
301/ and 302§ confront and contact with each other and the
clectrodes 301g and 302¢g are placed in opposed and parallel
relationship and the electrodes 3017 and 302 7 are placed on
the same plane. This 1s because the dielectric resonators 301
and 302 are disposed in mirror symmetry relationship as
explained previously.

Furthermore, the outer conductors 301c¢, 302¢, inner con-
ductors 301d, 302d, connecting conductors 301e, 302e,
electrodes 301f, 302/, 301g, 302¢g, 301x, 302~ (hereinafter,
these components are referred to as conductor film) are
basically thin film made of conductive material such as
copper and silver. The thickness of the film 1s approximately
5 um. Although the conductor film 1s a single layer in this
embodiment, 1t 1s needless to say that two or more layer
structure can be allowed. Regarding the film thickness of
approximately 5 um, this value should be adequately
changed depending on the condition of the dielectric filter 1n
SErvice.

Moreover, as depicted 1n FIG. 33 the sixth embodiment
allows to vary a cutout width H of the cutouts 3014, 302k,
thereby finely adjusting the interstage coupling degree of the
filter. Thus, it becomes possible to set the interstage coupling
degree at a desired value.

In the same manner as the first and second embodiments,
this embodiment can form the through hole to have a stepped
portion as shown in FIG. 15. With this arrangement, the
input/output coupling capacitance can be enlarged; thus it
becomes possible to obtain a wide-band dielectric filter.

Furthermore, by increasing the inner diameters of the
mner conductors 301d, 302d of the dielectric resonators 301
and 302, the input/output coupling capacitance and the
interstage coupling capacitance can be enlarged. Thus, 1t
becomes possible to provide a wide-band dielectric filter,

The sixth embodiment can include three dielectric reso-
nators as shown 1n FIG. 34. In this case, dielectric resonators
301, 302 placed at both ends (hereinafter, referred to as end
resonators) are identical with those shown in FIGS. 32 and
34. A central dielectric resonator 401 has two interstage
coupling electrodes formed at opposite outer side surfaces
which are to be connected to the confronting interstage
coupling electrodes of the end resonators.

As this invention may be embodied in several forms
without departing from the spirit of essential characteristics
thereot, the present embodiment 1s therefore illustrative and
not restrictive, since the scope of the invention 1s defined by
the appending claims rather than by the description preced-
ing them, and all changes that fall within meets and bounds
of the claims, or equivalence of such meets and bounds are
therefore mtended to embraced by the claims.
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What 1s claimed 1s:
1. A dielectric filter comprising;

at least two dielectric resonators each including:

a respective dielectric base body including corresponding
first, second, third and fourth side surfaces and first and
second end surfaces, wherein a respective through hole
1s provided from the first end surface to the second end
surface along a central axis of the corresponding dielec-
tric base body to define a respective inner surface
thereof;

a respective outer conductor located on and partially
covering the first, second, third and fourth side surfaces
of the corresponding dielectric base body, wherein the
outer conductor provides an uncovered portion of the
first side surface that extends across a width of the
respective first side surface and 1s adjacent to the
corresponding first end surface, uncovered portions of
the respective second and third side surfaces that are
adjacent to each other and bounded by the correspond-
ing outer conductor in three directions, and uncovered
portion of the respective fourth side surface that 1s
adjacent to the uncovered portion of the corresponding,
first side surface and the corresponding first end surface
and 1s separated from the corresponding third side
surface by the respective outer conductor;

a respective mner conductor located on the inner surface
of the corresponding dielectric base bodys;

a respective connection conductor located on the second
end surface of the corresponding dielectric base body,
wherein the respective connection conductor connects
the inner conductor to the outer conductor on the
corresponding dielectric base body;

a respective mterstage coupling electrode located on the
uncovered portion of the corresponding first side
surface, wherein a respective area of the uncovered
portion of the corresponding first side surface extends
1n at least three directions from the respective interstage
coupling electrode and separates the interstage cou-
pling electrode from the corresponding outer conduc-
tor; and

a respective mput/output coupling electrode located on
the uncovered portion of the second and third side
surfaces of the corresponding dielectric base body,
wherein respective areas of the uncovered portions of
the corresponding second and third side surfaces extend
in three directions from the input/output coupling elec-
trode and separate the respective input/output coupling
clectrode from the corresponding outer conductor;

wherein the respective dielectric resonators are connected
with each other in such a manner that the outer con-
ductor of a first one of the dielectric resonators 1is
clectrically connected to the outer conductor of a
second one of the dielectric resonators.

2. A dielectric filter as claimed 1n claim 1, wherein the
interstage coupling electrode of the first one of the dielectric
resonators 1s electrically connected to the interstage cou-
pling electrode of the second one of the dielectric resonators.

3. A dielectric filter comprising:

at least two dielectric resonators each including;:

a respective dielectric base body including corresponding
first, second, third and fourth side surfaces and first and
second end surfaces, wherein a respective through hole
1s provided from the first end surface to the second end
surface along a central axis of the corresponding dielec-
tric base body to define a respective inner surface
thereof;
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a respective outer conductor located on the first, second, pling electrode and separates the respective interstage
third and fourth side surfaces of the corresponding coupling electrode from the corresponding outer con-
dielectric base body, wherein the respective outer con- ductor; and

ductor covers the fourth side surface and leaves an
uncovered portion of the first side surface that 1s 5
adjacent to the first end surface and bounded in three
directions by the corresponding outer conductor, and

uncovered portions of the respective second and third
side surfaces that are adjacent to each other and
bounded by the corresponding outer conductor in three 10
directions;

a respective mput/output coupling electrode located on
the uncovered portion of the second and third side
surfaces of the corresponding dielectric body, wherein
a respective area of the uncovered portions of the
corresponding second and third side surfaces extend 1n
three directions from the respective input/output cou-
pling electrode and separate the respective input/output

coupling electrode from the corresponding outer con-
a respective inner conductor located on the inner surface ductor;

of the corresponding dielectric base body;

wherein the respective dielectric resonators are connected

a respective connection conductor located on the second with each other in such a manner that the outer con-
end surface of the corresponding dielectric base body, b ductor of a first one of the diclectric resonators is
whereln the respective connection conductor connects electrically connected to the outer conductor of a
the inner conductor to the outer conductor on the second one of the dielectric resonators.
corresponding dielectric base body; 4. A dielectric filter as claimed 1n claim 3, wherein the

a respective 1nterstage coupling electrode located on the - interstage coupling electrode of the first one of the dielectric
uncovered portion of the corresponding first side resonators 1s electrically connected to the interstage cou-
surface, wherein a respective arca of the uncovered pling electrode of the second one of the dielectric resonators.

portion of the corresponding first side surface extends
in three directions from the respective interstage cou- kK k%
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